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0 A Cine magnetic resonance imaging method and apparatus. 

0 A patient's cardiac cycle is monitored (34) for a characteristic point (54) of the cardiac cycle. Following or in 
response to the characteristic point, a series of field echo sequences (Figure 3) are applied to generate magnetic 
resonance echoes (50a, 50b, 50c, etc.) at about 10 millisecond intervals (TR = 10 ms) following the characteristic 
point. The echoes are phase encoded (44) such that echoes phase encoded in a lowest frequency or central 
most segment (I) of k-space are generated at regular intervals. Betvyeen temporal consecutive segment (I) 
echoes, echoes with higher frequency phase encoding from segments (II) and (III) (Figure 4), segments (ll-IV) 
(Figure 5A, 5B), etc. are generated. Tfie views are sorted (60) into data sets (62a, 62b, 62c, etc.) such that the 
central most views are sent to only a single data set and at least some of the higher frequency views are 
conveyed to. two data sets, i.e. the high frequency views are shared or commonly used by two data sets. Each 
data set is reconstructed (64) into a corresponding frame image representation (66). In this manner, the central 
most views which carry the most information are unique to each image, but higher frequency views are shared 
by two temporally adjacent images. The images are displayed sequentially or in another selected order on a 
video monitor (76). )i 
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This invention relates to a cine magnetic resonance Imaging method and apparatus. It finds particular 
application In conjunction with cine imaging and will be described with particular reference thereto. It is to 
be appreciated, however, that the invention will also find application in conjunction with angiography, 
circulatory, cardiac quantitative flow, and other examinations in which flowing fluid or moving tissue is 
5 imaged. 

Cine images have commonly been acquired using field echoes. Field echoes permit a rapid, e.g. 5-10 
msec, repetition rate. In cardiac imaging, about 64 to 100 sequence repetitions can be made in a typical 
600 to 1000 msec, cardiac cycle. If the view from each sequence repetition in a common cardiac cycle is 
allocated to a successive frame, then the cine sequence produces about 64 to 100 frames per cardiac cycle 

10 with a resolution of about 1 0 msec. 

Optimal cardiac gated cine Images are achieved if all the views are collected within a single breath 
hold. Collecting all the views within a single breath hold eliminates the motion artifacts attributable to 
respiratory motion. A single breath hold Is typically 16-20 heartbeats. Acquiring only one view per frame 
Image In each cardiac cycle of a single breath hold would limit each frame image to 16-20 views. To 

75 increase the number of views per frame, data acquisition could be continued for several breath holds. 
However, the heart and surrounding tissue move with each respiratory cycle and typically do not return 
accurately to the same position in subsequent breath holds. 

In one technique described In "Cineangiography of the Heart in a Single Breath Hold with a Segmented 
TurboFLASH Sequence", Radiology, Vol. 178, pp. 357-360, Atkinson and Edelman (RSNA, 1991), 128 lines 

20 or views of k-space were grouped into 8 segments of 16 views each. The resultant magnetic resonance 
echoes of each cardiac cycle were grouped Into 16 groups of 8 views each. The number of groups were 
dependent on the patient's heart rate. The 8 views within each group of 16-20 consecutive heart beats were 
differently phase encoded and processed as 128 views (16x8) of the same frame Image. In this manner, 
multiframe Images of the cardiac cycle, each with 128 views per image, were generated. More specifically, 

25 in the first heart beat, views or lines 1,17, 33, etc. were collected: in the second heart beat, lines 2, 18, 34! 
etc. were collected; and so forth. The raw data from these sets was combined or interleaved to form the 128 
view data set for reconstruction Into each of the multiple frames. 

One of the drawbacks of the Atkinson and Edelman segmentation of k-space was that the resultant 
frames suffered from blurring. The Invention of the present application has recognized that this blurring is 

30 attributable to the acquisition of the central views, the views with the most signal power and Image 
Information, at different times in subsequent cardiac cycles. In the above-illustrated 8 segment, 16 heart 
beat sequence, the central views in each group alternated between two different time displaced points in 
the cardiac cycle. 

A fast spin echo Imaging technique which acquires data over a wide range of echo times is described 
35 in "Shared Data Dual Echo In Fast Spin Echo Imaging" of R. Scott Hinks and Steve Einstein, SMRM Book 
of Abstracts, page 1011, (1991). Images were acquired corresponding to multiple effect echo times such 
that each had different properties, e.g. a different Tz weighting. In the Hinks and Einstein technique, each 
excitation was followed by a plurality of echoes. The central low frequency views were taken In the early 
echoes and the higher frequency views were taken in the later echoes. To expedite collection, the central, 
40 low frequency views, e.g.. the central 32 views of a 256 view study were collected twice. The remaining! 
higher frequency views were each collected once and shared with two lower frequency groups. This 
produces a significant difference in the T2 weighting between high and low frequency views and a low 
signal to noise ratio for the high frequency views as compared to a normal spin echo scan. 

In copending European patent application no. 93302041.4, groups of sequential excitations, e.g., 3 
45 excitations in a row, produce 3 echoes In a row which are all used to produce views of a common image. 
The central most, lowest frequency views are In the centre of the group and the higher frequency views are 
at the beginning and end of the group. By grouping three consecutive echoes into each image, images with 
an effective temporal resolution of about 30 msec, are achieved with one third as many repetitions as when 
each echo is processed as a view of a different time displaced frame image. Similar results are achieved for 
50 groupings of different sizes. 

According to a first aspect of the present invention there is provided a cine magnetic resonance 
imaging method in which k-space is segmented into at least (1) a central, lowest frequency phase encoding 
segment and (ii) a higher frequency phase encoding segment, the method comprising: 
(a) monitoring cardiac cycles of a subject in a magnetic resonance imaging region; 
55 (b) in coordination with each monitored cardiac cycle, generating a series of repetitions of a field echo 
sequence In which a magnetic resonance echo follows each excitation to generate a series of magnetic 
resonance echoes and receiving a corresponding plurality of echo signals, each echo signal correspond- 
ing to a view of k-space, the magnetic resonance echoes being phase encoded to produce views of a 



2 
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lowest frequency view component from the central lowest frequency phase encoding segment and two 
higher frequency view components from the higher frequency phase encoding segment; 

(c) sorting the echo signals such that each the lower frequency encoded view component is grouped 
between immediately preceding and subsequent higher frequency view components and such that each 

5 of the two higher frequency view components are grouped with the two most temporal contiguous lowest 
frequency view components; 

(d) repeating steps (b) and (c) and stepping phase encoding of the views such that views in the lower 
frequency view components which are phase encoded with different phase encodings are collected at 
substantially the same point in time in each of a plurality of monitored cardiac cycles; 

JO (e) reconstructing a frame image representation from the each lowest frequency view component and the 
immediately preceding and subsequent higher frequency view components. 

According to a second aspect of the present invention there is provided a cine magnetic resonance 
imaging method in which k-space is segmented into n segments including a central segment having lowest 
frequency phase encoded views and a plurality of segments having progressively higher frequency phase 
75 encoded views, the method comprising: 

(a) monitoring cardiac cycles of a subject in a magnetic resonance imaging region; 

(b) in coordination with each of a plurality of monitored cardiac cycles, generating a series of magnetic 
resonance echo sequences each sequence generating a magnetic resonance echo with a phase 
encoding in one of the n segments, and such that each magnetic resonance echo phase encoded with a 

20 phase encoding In the lowest frequency segment has magnetic resonance echoes which are phase 
encoded with a phase encoding from a higher frequency segment of k-space temporal on either side 
thereof, and such that magnetic resonance echoes phase encoded with a phase encoding from the 
lowest frequency segment are generated at regular intervals with magnetic resonance echo phase 
encodings from higher frequency segments therebetween; 

25 (c) receiving magnetic resonance echo signals corresponding to each of the echoes; 

(d) sorting the magnetic resonance echo signals Into groups, each group including a magnetic resonance 
echo signal phase encoded with a phase encoding from the lowest frequency segment and at least two 
contiguous magnetic resonance echo signals phase encoded with phase encodings from the higher 
frequency segments, at least one of the magnetic resonance signals from magnetic resonance echoes. 

30 between temporal adjacent echoes phase encoded with a phase encoding In the lowest frequency 
segment being sorted Into two groups; 

(e) repeating steps (b), (c), and (d) with each of the groups at substantially the same time in each of a 
plurality of monitored cardiac cycles; 

(f) reconstructing a magnetic resonance image from each group. 

35 According to a third aspect of the present invention there is provided a cine magnetic resonance 
imaging apparatus comprising: 

a means for monitoring cardiac cycles of a subject in a magnetic resonance imaging region; 
a means for generating a series of magnetic resonance echoes in coordination with each monitored 
cardiac cycle, the magnetic resonance echoes being phase encoded cyclically with low frequency phase 
40 encodings and high frequency phase encodings; 

a means for receiving the magnetic resonance echoes and generating corresponding magnetic 
resonance signals, the magnetic resonance signals being phase encoded with the corresponding high and 
low frequency phase encodings; 

a plurality of data memory means each for storing a set of data that is reconstructible into a frame 
45 image representation, each frame image representation corresponding to a selected temporal point in the 
cardiac cycle; 

a means for sorting the magnetic resonance signals such that each of the low frequency phase 
encoded magnetic resonance signals is stored in a corresponding one of the data memory means and each 
of the high frequency phase encoded magnetic resonance signals is stored in two data memory means 
50 which correspond to the two most temporally contiguous frame image representations; 

a means for reconstructing a frame image representation from the magnetic resonance signals stored in 
each of the data memory means, whereby a plurality of temporally displaced frame image representations 
is generated for each cardiac cycle in which low frequency pliase encoded magnetic resonance signals are 
unique to one of the frame image representations arid high frequency phase encoded magnetic resonance 
55 signals are shared by temporally contiguous Image representations. 

According tp.; a fourth aspect of the present invention there Is provided a cine magnetic resonance 
imaging apparatus in which k-space is segmented Into n segments including a central segment having 
lowest frequency phase encoded views and a plurality of segments having progressively higher frequency 

3 
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phase encoded views, the apparatus comprising: 

a means for monitoring cardiac cycles of a subject in a magnetic resonance imaging region; 

a means for generating a series of magnetic resonance echo sequences in coordination with each of a 
plurality of monitored cardiac cycles, each sequence generating a magnetic resonance echo with a phase 
encoding in one of a plurality of regions of k-space, the magnetic resonance echoes with a phase encoding 
in the lowest frequency region of k-space being generated at regular, spaced temporal Intervals, the 
magnetic resonance echoes with phase encodings in higher frequency regions of k-space being generated 
between the echoes in the lowest frequency region of k-space; 

a receiving means for generating a magnetic resonance echo signal corresponding to each of the 
echoes; 

a means for reconstructing magnetic resonance signals corresponding to the echoes phase encoded 
with phase encodings from the lowest frequency region of k-space and the magnetic resonance signals 
corresponding to echoes phase encoded with phase encodings from higher frequency regions of k-space 
that are temporally between two next most contiguous echoes from the lowest frequency regions of k-space 
into frame image representations. 

One advantage of an apparatus and method embodying the present invention is that it enables more 
images to be collected per cardiac cycle. 

Another advantage of an apparatus and method embodying the present invention is that it reduces the 
phase encode gradient energy. Fewer of the higher frequency, higher energy phase encoding views are 
generated. 

Another advantage of an apparatus and method embodying the present invention is that it provides 
dynamic cine imaging in which a high frequency encoded echo is shared between two images. 

Another advantage of an apparatus and method embodying the present invention is that the resultant 
cine images have more views per frame with better temporal resolution. 

An apparatus and method in accordance with the present invention will now be described, by way of 
example, with reference to the accompanying drawings in which: 
Figure 1 is a diagrammatic illustration of the apparatus; 
Figure 2 illustrates a preferred segmentation of k-space; 

Figure 3 illustrates a shared excitation phase encode gradient field echo magnetic resonance sequence; 
Figure 4 depicts a heartbeat of a cardiac gated cine acquisition in relative time sequence with views 
grouped In three's; 

Figures 5A and 5B depict a heartbeat of cardiac gated cine acquisition with k-space divided Into four 

segments; and 

Figure 6 illustrates a flow encoding shared excitation phase encode gradient field echo magnetic 

resonance sequence. 

With reference to Figure 1, a main magnetic field control means 10 controls superconducting or 
resistive magnets 12 such that a substantially uniform main magnetic field is created longitudinally along a 
z-axis through an examination region 14. A magnetic resonance echo generating means applies sequences 
of RF and magnetic field pulses to cause magnetic resonance echoes, preferably field or gradient echoes, 
to be generated. More specifically, gradient pulse amplifiers 20 apply current pulses to gradient coils 22 to 
create gradient magnetic fields along orthogonal x, y and z-axes of the examination region. A radio 
frequency transmitter 24 transmits RF pulses to an RF coil 26 to transmit RF pulses into the examination to 
excite magnetic resonance and manipulate excited magnetic resonance. A radio frequency receiver 28 
receives magnetic resonance signals emanating from the examination region that are picked up by the RF 
coil 26 or by surface coils (not shown). 

A sequence control means 30 controls the gradient pulse amplifiers 20 and the transmitter 24 to 
generate a series of field or gradient echo imaging sequences. More specifically to the preferred 
embodiment, a master sequence control 32 is gated by a cardiac monitor 34 to start a series of field echo 
sequences. The master sequence control means 32 implements one of a plurality of preselected sequences 
retrieved from a sequence memory 36. For example, the master control can retrieve and carry out motion 
sensitive and reference field echo imaging sequences in which the gradients along one of the axes are time 
or amplitude shifted relative to the other, such as shown for example, in U.S. Patent No. 4,689,560 of Nayler 
and Pattany. Preferably, a polarity alternating means 38 causes 0'-180- cycling of the RF. In the preferred 
embodiment, the phase alternating means causes the phase of the radio frequency excitation pulse and the 
receiver 28, preferably a digital receiver, to be reversed in alternate views. 

With reference to FIGURE 2, each magnetic resonance echo signal received by the receiver 28 
corresponds to one view or line of data of one or more ft-ames of the cine image sequence. Each image Is 
reconstructed from 2n of views, e.g. 262 differently frequency encoded digital views. Each view Is phase 
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encoded with one of the 2n phase encodings. To generate a full set of views for reconstruction, 2n phase 
encoded views of data lines are generated. Conventionally, a central view has zero phase encoding. Views 
to one side of the central view are phase encoded in progressive steps with more phase encoding in a 
positive sense. Views to the other side are phase encoded in progressive steps of the size but In a negative 
sense. 

With reference to FIGURE 3, the field echo resonance sequence excites resonance In a selected 
region, by application of an RF pulse 40, e.g. with a 30 * tip angle, and a slice select gradient 42. A phase 
encoding gradient 44 is applied with a selected one of the 2n phase encoding steps concurrently with a 
read gradient 46 to phase encode the resultant resonance. The read gradient is reversed to an opposite 
polarity read gradient 48. A field echo 50 is read during application of the read gradient 48. An unwind 
phase encoding gradient 52 is applied to remove the phase encoding prior to application of the RF pulse of 
the next repetition. This sequence is repeated with a repeat time (TR) of about 10 milliseconds. 

With reference to FIGURE 4, an R-wave 54 of a patient's cardiac cycle is detected by the cardiac 
monitor 34 which causes the sequence control 32 to Initiate the field echo sequence of FIGURE 3 which 
causes the series of echoes 50 during the following cardiac cycle at about 10 millisecond intervals. 
Typically, 61 repetitions of the gradient echo 50 are generated in the interval before a subsequent R-wave 
56. 

Returning again to FIGURE 1, a sorting means 60 sorts the views into a series of data matrices or 
memories 62. Each data memory 62a, 62b, etc. receives the data corresponding to one of a plurality of 
time displaced frame Images. Analogously as illustrated in FIGURE 2, each magnetic resonance signal 
produces one view or horizontal data line which is encoded by frequency along its length. Each view is 
loaded into the data line of the temporally corresponding memory matrix 62a, 62b, etc. in the row 
corresponding to its phase encoding. Within each heart beat, a plurality of views are collected for each data 
memory matrix. More specifically, a plurality M of adjacent views from temporally contiguous echoes are 
each encoded with different phase encodings for one of the frame images. By collecting M views for each 
image in each cardiac cycle, only 1/Mth as many cardiac cycles are required to collect a full set of views. 
However, it should be noted that with the present invention, collecting M views of each image per cardiac 
cycle does not reduce the number of images generated per cardiac cycle to l/Mth of the number of images 
that would be generated if only one view per image were collected in each cardiac cycle. 

After each of the data memories 62 are filled, the reconstruction means 64 reconstructs the data in 
each of data memories 62 Into a frame image representation which is stored in a corresponding one of a 
plurality of Image memories 66. Preferably, the reconstruction is carried out using an inverse two- 
dimensional Fourier transform. An image selecting means 70 is controlled by an operator control panel 72 
or the like to select one or more frame Images for display. A video formatting means 74 adjusts the format 
of each selected image into an appropriate format for display on a video monitor 76. Preferably, the 
operator can control the image selecting means 70 to select each frame image representation from image 
memories 66a, 66b, 66c, etc. in order at a selectable rate such that the video display illustrates movement 
of the heart during the cardiac cycle cinetographlcally and can freeze the image at any point in the cardiac 
cycle. 

With continuing reference to FIGURES 1, 2, and 4, a specific example Is set forth in which three views 
of each data set are collected in each cardiac cycle. The 2n views of k-space are divided into three 
segments, segment I which is the central most or lowest frequency views, segment II which is the 
intermediate frequency views, and segment III which is the highest frequency views, i.e. has the largest 
phase encode gradient applied. The excitations of the first three repetitions of the field echo sequence with 
one of the views in each of the three segments of k-space. More specifically, the central most one of the 
first three excitations is encoded from the low frequency segment I of k-space. Those on either side, i.e., 
the first and third excitations are phase encoded to produce one view from segment II and one view from 
segment III. The sorting means 60 channels these three views to the appropriate data lines of the first 
memory data set 62a. 

Rather than sending the next three data lines to the second data set memory 62b, the sorting means 
sends the view from a third repetition 50c to the second data set memory 62b as well. A fourth data line 
from a fourth repetition 50d is caused by the sequence control means 32 to have one of the phase 
encodings of the low frequency segment I and a fifth data line from a fifth repetition 50e has one of the 
phase encodings of k-space segment III. That is, the third excitation and the fifth excitation are phase 
encoded to produce one view with a phase encoding in group II and the other view with a phase encoding 
from group III. The views from the third, fourth, and fifth repetitions SOc, SOd and SOe are channeled to the 
second data memory 62b. 
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Analogously, the fifth view from the fifth repetition SOe is also sent by the sorting means 60 to a third 
data set memory 62c along with the two following views. That is, the sequence control means 32 causes 
the sixth view from a sixth repetition 50f to be phase encoded with one of the phase encode gradients of k- 
space segment I and causes a seventh view from a seventh repetition 50g of the field echo sequence to be 
phase encoded with one of the views from segment II. This process Is repeated for all of the views 
collected during the cardiac cycle, i.e. 



In this manner, a data set and corresponding frame image are generated at time intervals spaced about 
20 milliseconds. More specifically, the central most or lowest frequency views which carry the most 
information are generated about every 20 milliseconds from every other repetition. The higher frequency 
views are generated between centrally phase encoded views and shared with the two most temporally 
adjacent data sets and Images. It will be noted that segments II and III need not be maintained distinct 
Rather, the views from segments II and Ml of k-space can be taken in any order or intermixed, provided that 
each of the data sets acquires a substantially full set of data. Because the first and last views are not 
shared, if there are 610 milliseconds between cardiac cycles, 61 views can be generated for reconstruction 
into 30 frame images. It might be noted that if each group of 3 were maintained distinct as In the parent 
application, only 20 frame images could be generated from the 60 views. 

With reference to FIGURE 5A and 5B, k-space can be segmented in more than 3 segments eg 4 
segments, I. 11, III, and IV. With reference to 5A. this data can be grouped such that only the central most 
data from segment I is unique to each data set and the remainder of the data is shared. With reference to 
FIGURE 5B, alternately, the data from the central most segment I and from the next lowest frequency 
segment II can be unique to each data set and Image and only the two highest frequency segments III and 
IV are shared. Analogously, when k-space Is segmented Into five segments, l-V. various groupings can be 
made such as: o r- » 

Tv^n mim rvwi ni iv 
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Analogous results can be obtained for yet larger segmentations of k-space. 

■..oi'lLrc embodiment, the technique is used to encode flow. More specifically, with reference to 
FIGURE 6, the present technique can be used to encode flow in the slice select direction. A repetition 80 of 
the slice select gradient is 0th and 1st order moment zeroed. In a next repetition 82, the second and third 
lobes of the slice select gradient are amplitude scaled to impart velocity encoding The velocity com- 
pensated and velocity sensitized slice select gradients repeat alternately. The read gradient remains 
unchanged with each repetition. With each subsequent velocity compensated and velocity sensitized slice 
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select gradient pair, the phase encode gradient is changed as set forth in FIGURES 2-5 above. In this 
manner, the compensated and sensitized pairs are treated as a single unit in reference to the patterns in 
FIGURES 4 and 5 above. 

In a similar fashion, flow can be encoded in the read gradient direction by defining pairs of velocity 
compensated read gradient repetitions 84 and sensitized read gradient repetitions 86. The slice select 
gradient remains unchanged with each repetition pair 84, 86. With each subsequent pair, the phase encode 
gradient Is changed as set forth in FIGURES 2-5 above. In this manner, the compensated and sensitized 
pairs are treated as a single unit in reference to the patterns in FIGURES 4 and 5 above. 

Analogously, the motion compensated phase encode gradient repetitions can be velocity sensitized by 
amplitude scaling of alternate repetitions of the phase encode gradient. 

Alternately, the motion sensitized and reference images can be collected in two separate sequences in 
two breath holds. This maximizes the number of frame images per cardiac cycle, but may create mis- 
registration between the motion sensitized and reference images. Alternately, the motion sensitized and 
reference images may be collected in alternate cardiac cycles of the same breath hold. This is advanta- 
geous because the reference and motion sensitized scans occur at the same point in the cardiac cycle. 
Preferably, the reference and motion sensitized views are alternated or interleaved within a single cardiac 
cycle as explained above and in greater detail in copending European patent application no. 93302041.4. 

Claims 

1. A cine magnetic resonance imaging method in which k-space is segmented into at least (i) a central, 
lowest frequency phase encoding segment and (ii) a higher frequency phase encoding segment, the 
method comprising: 

(a) monitoring cardiac cycles of a subject in a magnetic resonance imaging region; 

(b) in coordination with each monitored cardiac cycle, generating a series of repetitions of a field 
echo sequence in which a magnetic resonance echo follows each excitation to generate a series of 
magnetic resonance echoes and receiving a corresponding plurality of echo signals, each echo 
signal corresponding to a view of k-space, the magnetic resonance echoes being phase encoded to 
produce views of a lowest frequency view component from the central lowest frequency phase 
encoding segment and two higher frequency view components from the higher frequency phase 
encoding segment; 

(c) sorting the echo signals such that each the lower frequency encoded view component is grouped 
between immediately preceding and subsequent higher frequency view components and such that 
each of the two higher frequency view components are grouped with the two most temporal 
contiguous lowest frequency view components; 

(d) repeating steps (b) and (c) and stepping phase encoding of the views such that views in the 
lower frequency view components which are phase encoded with different phase encodings are 
collected at substantially the same point in time in each of a plurality of monitored cardiac cycles; 

(e) reconstructing a frame image representation from the each lowest frequency view component 
and the immediately preceding and subsequent higher frequency view components. 

2. The method as set forth in claim 1 wherein the lowest frequency view component includes a single 
view from the central, lowest frequency phase encoding k-space segment and wherein each higher 
frequency view component includes at least one view from the higher frequency phase encoding k- 
space segment, which at least one view is sorted into two sets. 

3. The method as set forth in claim 2 wherein each higher frequency view component includes a single 
view. 

4. The method as set forth in claim 1 wherein the magnetic resonance echoes are phase encoded such 
that each lowest frequency view component includes a plurality of views from the central lowest 
frequency phase encoding k-space segment and wherein each higher frequency view component 
includes at least one view from the higher frequency phase encoding k-space segments. 

5. " The method as set forth in clairn 1 wherein k-space is segmented into at least four segments including 

the lowest phasq .encoding segment, the highest frequency phase encoding segment, a first mid- 
frequency phase encoding segment, and a second mid-frequency phase encoding segment and 
wherein in step (b), each lowest frequency view component has a view from the lowest frequency 
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phase encoding segment and the first middle frequency phase encoding segment and the higher 
frequency components have views from the second middle frequency segment and the highest 
Frequency segment. " 

6. The method as set forth in claim 1 wherein k-space is segmented into at least four segments including 
the lowest frequency phase encoding segment, a first mid-frequency phase encoding segment a 
second mid-frequency phase encoding segment, and a highest frequency phase encoding segment 
and wherein ,n step (b) each lowest frequency view component includes a view from ?he lowes 

views from the ftrst mid-frequency phase encoding segment, the second mid-frequency phase encod- 
ing segment, and the highest frequency phase encoding segment. 

7. The method as set forth in claim 1 wherein k-space is segmented into at least five segments and 
wherein ,n step (b), each lowest frequency view component is separated from a next temporally 
adjacent lowest frequency view component by two higher frequency phase encoded views. 

^ ^ rrnLT^^nmLtT"^""! ""^^^ """'"^ Segmented into n segments including 

nrn^il!!^ H h f'"^ "^'^ ^'^'^"^''^ ^^^^ ^'^^'^ "'^""^ ^"'^ ^ P'^^^'i'V s«9'^e"ts having 
progressively higher frequency phase encoded views, the method comprising- 

(a) monilonng cardiac cycles of a subject In a magnetic resonance imaging region- 

(b) in coordination with each of a plurality of monitored cardiac cycles, generating a series of 
magnetic resonance echo sequences each sequence generating a magnetic resonance echo with a 
phase encoding m one of the n segments, and such that each magnetic resonance echo phase 
encoded with a phase encoding in the lowest frequency segment has magnetic resonance echoes 
which are phase encoded with a phase encoding from a higher frequency segment of k-space 
temporal on either side thereof, and such that magnetic resonance echoes phase encoded with a 
phase encoding from the lowest frequency segment are generated at regular intervals with magnetic 
resonance echo phase encodings from higher frequency segments therebetween 

(c) receiving magnetic resonance echo signals corresponding to each of the echoes 

(d) sorting the magnetic resonance echo signals into groups, each group including a magnetic 

TnJ'^n'VS^ "^f ^""^^ "^''^ ^ fr«q"«"cy segment 

1 h . resonance echo signals phase encoded with phase encalings 

ram the higher frequency segments, at least one of the magnetic resonance signals from magnetic 
resonance echoes between temporal adjacent echoes phase encoded with a phase encoding in the 
lowest frequency segment being sorted into two groups- 

(e) repeating steps (b). (c). and (d) with each of the groups at substantially the same time in each of 
a plurality of monitored cardiac cycles; 

(f) reconstructing a magnetic resonance image from each group. 

9. A cine magnetic resonance imaging apparatus comprising 

^^^^ a means (34) for monitoring cardiac cycles of a subject in a magnetic resonance imaging region 

with'^rr"' ""'h'"' ''^ ' °^ coordination 

with each monitored cardiac cycle, the magnetic resonance echoes being phase encoded cyclically 
with low frequency phase encodings and high frequency phase encodings; 

a means (26. 28) for receiving the magnetic resonance echoes and generating corresponding 
Z?rZT ^t'^r""!!."^"^"' '"^9"^*'^ resonance signals being phase encoded with the cor- 
responding high and low frequency phase encodings; 

fr.J. -^^'"^ "^^^^ ""^^ ^""9 ^ ^ °* '^^^^ !s reconstructible into a 

Z^^ilZ!^ representation, each frame image representation corresponding to a selected temporal 
point in the cardiac cycle; 

«n.„HT"^ ^® V ""^^"^^^ resonance signals such that each of the low frequency phase 

!nH h""^?. ITT'^ ^'^"^"^ " ^ con-esponding one of the data memory means (62) 

and each of the high frequency phase encoded magnetic resonance signals is stored in two data 
memory means (62) which correspond to the two most temporally contiguous frame image representa- 

a means (64) for reconstructing a frame image representation from the magnetic resonance signals 
stored in each of the data memory means (62). whereby a plurality of temporally displaced frame 
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image representations is generated for each cardiac cycle in which low frequency phase encoded 
magnetic resonance signals are unique to one of the frame image representations and high frequency 
phase encoded magnetic resonance signals are shared by temporally contiguous image representa- 
tions. 

A cine magnetic resonance imaging apparatus in which k-space Is segmented Into n segments 
including a central segment having lowest frequency phase encoded views and a plurality of segments 
having progressively higher frequency phase encoded views, the apparatus comprising: 

a means (34) for monitoring cardiac cycles of a subject in a magnetic resonance imaging region 
(14); 

a means (20, 22, 24, 26, 30) for generating a series of magnetic resonance echo sequences in 
coordination with each of a plurality of monitored cardiac cycles, each sequence generating a magnetic 
resonance echo with a phase encoding in one of a plurality of regions of k-space, the magnetic 
resonance echoes with a phase encoding in the lowest frequency region of k-space being generated at 
regular, spaced temporal intervals, the magnetic resonance echoes with phase encodings in higher 
frequency regions of k-space being generated between the echoes in the lowest frequency region of k- 
space; 

a receiving means (26, 28) for generating a magnetic resonance echo signal corresponding to each 
of the echoes; 

a means (60, 62, 64) for reconstructing magnetic resonance signals corresponding to the echoes 
phase encoded with phase encodings from the lowest frequency region of k-space and the magnetic 
resonance signals corresponding to echoes phase encoded with phase encodings from higher fre- 
quency regions of k-space that are temporally between two next most contiguous echoes from the 
lowest frequency regions of k-space Into frame image representations. 
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